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Largely	qualita@ve	low	jargon	introduc@on	
	
Homework	
•  Interac@ve	learning	module,	good	graphics	of	physics,	get	free	

account	
–  Physics	of	the	aurora:	hGp://www.meted.ucar.edu/hao/aurora/	
–  Space	Weather	basics:	hGp://www.meted.ucar.edu/spaceweather/

basic/	
•  Book:	Storms	from	the	Sun:	free	download	

–  hGps://www.nap.edu/catalog/10249/storms-from-the-sun-the-
emerging-science-of-space-weather	

CCMC	Bootcamp	Lecture		
6/8/17	



EXPORT CONTROLLED INFORMATION 

HOPE Ready to Ship 

PSR 10-2 

•! Flight Hardware 

-! HOPE-A Instrument 

-! HOPE-B Instrument 

-! Mounting Bolts 

•! GSE 

-! S/C Emulator 

-! Power Supply 

-! 2 Laptops for running GSEOS 

•! Red-Tag Items 

-! Safe Plugs 

-! Mechanical Door Safe 

-! Handles 

Who	
am	I?	
@spaceyliz	

Amateur	aurora	hunter	

Rocket	scien@st	in	pursuit	
of	thermal	electrons	

Los	Alamos	Na@onal	Lab	projects:	
Van	Allen	Probes,	

geosynchronous	orbit	plasma,	
and	instrument	calibra@on	

Co-I	on	HOPE,	H+,	He+,	O+,	e-	

NASA	HQ:	HTIDS,	
Early	Career,	
Rockets,	SET	



Outline	

•  Take	notes.	Blogging																				
opportunity.															
blog.aurorasaurus.org	

•  6	myths	about	aurora	

•  Ways	to	study	aurora:	ci@zen	science,	
rockets,	satellites,	models	





How	is	aurora	formed?	

•  hGp://www.google.com/url?sa=t&rct=j&q=	



Myth	No.	1	–	how	aurora	forms	

	



NO!!!	

Myth	No.	1		
Aurora	is	formed	by	par@cles	from	the	sun	



Meet	the	magnetosphere!		



Kinesthe@c	learning	to	show	
magnetohydrodynamic	convec@on	

•  The	magnetosphere	is	an	obstacle	in	the	
flowing	solar	wind.	Therefore	magnetospheric	
convec@on	(in	the	equatorial	plane)	is	
somewhat	like	doing	the	breaststroke	in	an	
endless	pool.	Plus	the	dipole	field	out	of	the	
plane	=	magnetohydrodynamics	

•  hGps://youtu.be/i4mKvlulGDg	



Myth	2,	when	does	aurora	happen?	

•  All	the	@me!	
•  Symmetric	to	both	hemispheres	
•  Even	during	daylight	



Myth	No.	2		
Aurora	happens	during	storms	



Lack	of	accurate	
imaging	

perpetuates	myth	

Why?	
–  Science	gaps	

•  The	evolu@on	of	aurora	during	large	storms	never	fully	imaged	or	
characterized	

•  Aurora	is	fine	scale	but	models	are	coarse	
•  Aurora	are	tracers	of	fundamental,	global	coupling	processes	and	
connec@ons	are	very	sparse	

–  Communica@on	gaps	
•  Inspiring	source	of	engagement	
•  Not	diges@ble	by	the	public	

Goals	
–  BeGer	nowcasts	and	awareness	
–  First	data	assimila@ve	model	of	auroral	visibility	

	

DE-1,	during	1989	
superstorm	

OVATION	2010	

Space	Weather:	
Highly	dynamic	poorly	
characterized	threats	
Scin@lla@ons,	GIC,	spacecraj	
charging	



“Everyday	aurora”	
Phenomenology	of	Auroral	

Substorm	

Akasofu picture of the aurora during 
substorms: 

(a) Quiet auroral arc before substorm 

(b) Equatorward edge of aurora intensifies 

(c) “Westward traveling surge” forms 

(d) Poleward expansion of surge 

(e) Aurora begins to fade; patchy 
“pulsating aurora” forms on dawn 

(f) Auroral oval retreats to pre-substorm 
locations 



Myth	No.	3		
Aurora	is	understood.	





•  ]	
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What	don’t	we	know?	
– Timelapse	photos	with	
color	DSLR	at	lower	than	
usual	la@tudes	
•  Different	viewpoint	

– “Proton	arc”	that	is	not	a	
proton	arc	à	STEVE	

– Tradi@onal	science	may	be	
missing	something		
•  Complementary	to	ci@zen	
science	observa@ons,	
filtered	by	wavelength,	
precise	@me,	@melapse,	
fisheye	view	

Credit:	Notanee	Bourassa,	
Alberta	Aurora	Chasers	



Myth	No.	4		
Magne@c	field	lines	are	sta@c.	

•  hGp://geo.phys.spbu.ru/
~tsyganenko/modeling.html	

•  Average	sta@s@cal	picture	
•  Don’t	apply	to	substorms	





Myth	No.	5		
Aurora	is	sta@c.	

•  Need	to	observe	to	appreciate	
•  Hard	to	measure	all	scales	–	data	starved	

hGp://blog.aurorasaurus.org/?p=414	





Myth	No.	6		
Aurora	is	well-behaved.	

	
	
	
	
	
	
	
Substorms	do	not	look	like	substorms.		
“If	you’ve	seen	one	storm,	you’ve	seen	one	storm.”	
-Geoff	Reeves	



	To	recap	6	myths…	
1.  Par@cles	straight	from	the	Sun	cause	the	aurora.		

–  Nope	magnetosphere	plays	a	big	role.	

2.  Aurora	only	occurs	during	solar	storms.		
–  Nope,	aurora	occurs	all	the	@me.	

3.  Aurora	is	understood.	No.	Many	basic	things	are	understood,	many	are	not.	
–  No	global	imaging.	Gaps	in	our	knowledge.	Lack	of	realis@c	models	

4.  The	magne@c	field	is	sta@c.		
–  No,	highly	highly	stretched	and	dynamic.		

5.  Aurora	is	sta@c.		
–  No.	Dynamic	and	MULTI-scale.	

6.  Aurora	is	well-behaved.		
–  In	actuality,	if	you’ve	seen	one	storm,	you’ve	seen	one	storm	

	
Enter	ci@zen	science	and	Aurorasaurus,	other	ways	to	study	aurora.	Satellites,	
rockets,	models.	Model	are	tools,	ask	about	about	the	uncertain@es.	Understand	the	
limits	and	assump@ons.	The	largest	storms	exhale	tons	of	oxygen.	Where	is	the	
oxygen?			



What	is	Aurorasaurus?	
•  New…	global	

–  Idea	in	2011,	full	launch	in	2014,	not	possible	during	last	solar	max	
–  51%	users	from	US,	“aurora	enthusiasts”	

•  Fast…	but	unpredictable	
–  Real-@me	alerts	
–  Mul@scale	accuracy	is	a	challenge	

•  Obscure…	but	beau@ful	
–  Historical	examples	of	aurora	cit	sci	and	crowdsourcing	
–  Communica@on	challenges	

•  Evolving,	expanding,	con@nual	process	
–  Open	innova@on,	open	source,	extensible,	agile,	disrup@ve	
–  Part	of	a	new	tech-driven	ci@zen	science	movement	
–  Ci@zen	science	projects	can	monitor	weather,	disasters,	and	rare	

biological	phenomena	accurately	in	real-@me.	
•  hGp://ci@zenscience.gov/	

	



Outcomes:	
	

2000	par@cipants	
20	ar@cles	
6	ar@cles	

	

A	new,	open	innova3on,	geospa3al,	crowdsourcing,	open	
source	pla6orm	and	public-private	partnership…	

Join	us!	@tweetaurora	
POC:	Elizabeth	MacDonald,	e.a.macdonald@nasa.gov		

Aurorasaurus.org		
Apple	iOS	&	Android	apps	

New	global,	real-@me	data	sources	from	ci@zen	scien@sts	and	tweets	
Alerts	of	auroral	visibility	for	the	public	
	
In	2	years,	our	database	has	more	than	5000	users,	more	than	2700	reports,	and	votes	on	more	than	290,000	tweets.	
	
Selected	Papers		(of	>10	submiGed	so	far)	
MacDonald,	E.	A.,	et	al.,	Aurorasaurus:	A	ciCzen	science	plaDorm	for	viewing	and	reporCng	the	aurora,	Space	Weather,	
doi:	10.1002/2015SW001214,	2015.	
Case,	N.	A.,	et	al.,	Mapping	Auroral	AcCvity	with	TwiJer,	Geophys.	Res.	LeG.,	42,	doi:10.1002/2015GL063709,	2015.	
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May	18-21,	2014	
	

1. Introduction
Over the past year, the citizen science project Aurorasaurus has collected new, globally-
distributed, ground-based observations of the aurora and has integrated these with space-based 
estimates of auroral activity. A case study of these observations were compared to the NOAA 
Space Weather Prediction Center’s (SWPC) Aurora Forecast product which is built on the 
OVATION Prime (2010) auroral precipitation model.

The observations in this case-study demonstrated that over 60% of the positive aurora 
observations occurred at latitudes equatorward of the SWPC predicted "view-line". New scaling 
parameters were determined from the relationship of the differences in latitude between the 
positive observations and the view line, and the maximum probability of visible aurora. The 
implementation of this view-line, in the Aurorasaurus real-time alert system, is also 
demonstrated.

2. Observations

The observations made by citizen scientists, see 
Figure 1 for an example, are of three forms:
• Verified tweets: posts made on Twitter 

(called “tweets”) that have been verified by 
Aurorasaurus users as sightings of the aurora.

• Positive sightings: sightings of the aurora 
made by Aurorasaurus users and reported on 
the website or mobile apps.

• Negative sightings: reports from 
Aurorasaurus users stating that an aurora was 
not visible.

As shown in Figure 2, the observations in this 
case study span a range of magnetic latitudes, 
local times and activity levels. Though there is a 
clear preference toward observations being 
made in the pre-midnight sector (i.e. 20:00-
00:00).

A Comparison of Modeled Auroral Boundaries with Observations from Citizen Scientists

Nathan A. Case1, Elizabeth A. MacDonald2,3, and Rodney Viereck4

1Department of Physics, Lancaster University, UK; 2New Mexico Consortium, Los Alamos, NM, USA; 3NASA Goddard Space Flight Center, Greenbelt, MD, USA; 4NOAA Space Weather Prediction Center, Boulder, CO, USA
n.case@lancaster.ac.uk

For more information about Aurorasaurus, or to sign up, visit the website below. You can also like Aurorasaurus on Facebook and follow on Twitter.@TweetAurora
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3. Auroral Oval 
We utilize the Oval Variation, Assessment, Tracking, Intensity, and Online Nowcasting (OVATION) 
Prime (2013) aurora forecast model to determine the location of the auroral boundary. OVATION 
Prime (2013) is a well-used, accurate, auroral precipitation model that can be run in real-time. 
The model is driven by Newell’s magnetospheric coupling function (dʔMP/dt) which is determined 
using solar wind data, such as the solar wind velocity (v) and interplanetary magnetic field (IMF) 
strength (B) and direction (ɽ = IMF clock angle). 

The OVATION Prime (2013) auroral precipitation 
data is then fed into the NOAA Space Weather 
Prediction Center’s aurora forecast product,
shown in Figure 3.

4. Comparison with the SWPC
aurora forecast product

6. Aurorasaurus operational product

7. Conclusions
Using nearly 300 observations of the aurora, provided by citizen scientists, we were able 
determine the equatorial boundary, both in the northern and southern hemispheres, of where 
an aurora might be seen based on its intensity. We found that the current SWPC estimate was 
conservative and that an aurora was often visible further equatorward than estimated. By 
adapting the view-line parameters, using the observations in this case-study, we were more able 
to accurately represent the maximum distance from which an aurora might be visible.

The work presented here also forms part of the wider Aurorasaurus operational product, which 
alerts its users as to when they might be able to see an aurora. This is a much-requested feature 
that has proved highly popular.

References & Acknowledgements
• MacDonald et al., SW, 2015, doi: 10.1002/2015SW001214
• Case et al., SW, submitted
This material is based upon the work supported, in part, by the National Science Foundation (NSF) under grant 
1344296. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of NSF. 

Figure 2. The Aurorasaurus observations used in 
this case study are grouped by magnetic latitude 
(top), local time (middle) and Kp index (bottom). The 
number of each type of observation is shown using 
stacked color bars.
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estimated view-line. We find that 62% of positive observations (i.e. verified tweets and positive 
sightings) are located equatorward of the view-line. Thus suggesting the SWPC view-line is 
often too conservative in its estimate.

5. Determining a new observational view-line
Using the citizen science observations we can adapt the view-line parameters, so that it better 
matches with those observations. We plot the observation latitude as a function of P(A)max, in 
Figure 5 and the difference between the observations and the new view-line in Figure 6. A fit 
between the maximum latitude difference for 5% bins of maximum visibility chance, and the 
maximum visibility chance is determined. The coefficients of the linear fit (blue) produce a new 
view line equation:

Figure 3. An example of the SWPC aurora forecast 
product. The modeled auroral oval is colored to 
represent the probability of visible aurora. 

Figure 4. The latitude difference between the 
observations and the SWPC estimated view-line is shown.

The SWPC aurora forecast product converts 
auroral precipitation data into a more user-
friendly output. It scales the energy flux, ɇj, 
into a “probability of visible aurora”, P(A), 
and indicates this likelihood of visible aurora 
on a geographic map.

The forecast product also determines the 
most equatorward latitude from which an 
aurora may be visible, for each longitude. 
This estimate is known as the “view-line”, i.e. 
an aurora should be visible at locations on, 
or poleward, of the view-line. For each 
longitude, the latitude of the maximum 
probability of visible aurora, ʔP(A)max, is scaled 
poleward by the value of the maximum 
probability, P(A)max.

In Figure 4, the latitude of the citizen science 
observations is compared to the SWPC
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Figure 7. A screenshot of the Aurorasaurus aurora map, using the 
forecast data provided by SWPC, with the new Aurorasaurus view-
line shown (red). Observational data from users is also shown.

Alongside the SWPC forecast 
product, the new Aurorasaurus 
view-line is calculated in real-
time and shown on the 
Aurorasaurus homepage (as 
demonstrated in Figure 7). This is 
a real-time indicator of where an 
aurora might be visible from. 
Additionally, any current 
observations are also shown on 
the map. 

These three data sources (the 
SWPC auroral oval, Aurorasaurus 
view-line, and citizen science 
observations) allow the 
Aurorasaurus project to issue 
aurora visibility alerts to its users 
when an aurora is predicted to 
be visible near them.

Figure 5. The latitude difference between the 
observations and the SWPC view-line plotted against 
the value of maximum visibility chance (green). The 
maximum latitude differences and fit are shown in 
blue.

Figure 6. The latitude differences between the 
observations and the new Aurorasaurus view-line. 
The majority of aurora sightings (verified tweets and 
positive sightings) are now poleward of the view-line.

Figure 1. An example of a citizen science positive 
sighting, recorded during this case-study. The 
observation includes items such as a time, date, and 
location, as well as a photo and aurora descriptors 
(e.g. color, type, and activity).



Space	science	is	core	to	our	mission	
•  Improving	research,	connec@ons	to	CCMC	and	space	weather	
•  Connec@on	to	missions,	educa@on,	and	outreach	

shows a linear relationship between PC and electron precipitation.
More recent work by Knipp et al. (2004) has shown a better fit to
the data if both PC and Dst are used as inputs.

Because the Turner (2000) study covered only about two years
of data, it was limited to a small portion of the solar cycle. Given
that the frequency of appearance of solar wind structures varies
widely over the solar cycle, with corotating interaction regions
(CIRs) being more common during solar minimum, and CMEs
being more common toward solar maximum (e.g., Tsurutani et al.,
2006), this study was limited in its scope. Many researchers have
observed differences in the dynamics of storms during times of
different types of solar wind driving conditions (e.g., Borovsky and
Denton, 2006), such as the existence of high-intensity long-
duration continuous auroral activity (HILDCAA) events in the
recovery phase of CIR-driven events (e.g., Tsurutani and Gonzalez,
1987; Tsurutani et al., 2006). On average, CIRs have less steady BZ

and higher bulk speed than non-CIR solar wind, and different BZ

characteristics from CMEs, and the resulting storms differ in some
fundamental properties (see Zhang et al., 2006 for differences in
solar wind parameters during solar minimum and solar max-
imum). Researchers have studied the ability of different types of
solar wind structures to produce storms (see, e.g., Zhang et al.,
2004). Echer and Gonzalez (2004) found that compound inter-
planetary structures were more geoeffective than isolated struc-
tures. In another study, Huttunen et al. (2002) looked at storms
from 1996 to 1999. They found that almost all the intense (Dst
o! 100 nT) storms were associated with CMEs, but for the
moderate storms, streams more often generated high Kp storms,
while ejecta-related events more often drove stronger Dst
changes. This could suggest that the relative impacts on the ring
current and the ionosphere could vary by the type of solar wind
driver. Gonzalez et al. (1999) found that complex interplanetary
structures, including in rare circumstances the influence of
subsequent CMEs, could drive particularly intense geomagnetic
storms.

Turner et al. (2006) conducted a study of 42 storms and their
geoeffectiveness. For these storms, clustered near the declining
phase of the solar cycle, they found that CIR-driven storms were
more efficient at coupling energy into the magnetosphere than
CME storms. In other words, the ratio of measured energy output
to estimated energy input varied with the type of solar wind
driver. The authors used Dst to calculate ring current properties
and used PC and Dst-based calculations, following the methods of
Knipp et al. (2004) and Chun et al. (1999) to estimate ionospheric
quantities. Lu (2006) also investigated this difference in coupling
efficiency and came to the same conclusion, which is that CIR-
driven events coupled energy more efficiently than CME-driven
events. Her methodology for estimating the energy output varied
significantly from the Turner et al. (2006) study, as Lu (2006)
made use of AMIE ionospheric estimates, and she came to the
same conclusion regarding the effectiveness of these solar wind
structures. In this study, we follow the storm energy coupling
efficiencies over an entire solar cycle and expand the data set to

280 total storms in order to show statistically the differences in
energy coupling and energy partitioning.

2. Methodology

We focus our efforts on a total of 280 storms from 1995 to
2004, with 118 having CMEs as drivers, and 91 having CIRs (see
Appendices A and B), while the remaining storms were not driven
by either identified CIRs or CMEs. Storms were classified as being
driven by CIRs or CMEs by Richardson et al. (2001, 2002; personal
communication). For each storm, we use solar wind data from ACE
and WIND to estimate the energy input and then estimate the
energy dissipated via ring current, auroral precipitation, and Joule
heating which we have summed and referred to here as energy
output. From these, we calculate an energy coupling efficiency
according to

coupling efficiency ¼
energy output
energy input

(1)

where energy input is estimated by the integrated value of the
epsilon parameter (Eq. (2)) for the duration of the storm, and
energy output is the sum of ring current, auroral precipitation,
and Joule heating for the duration of the storm. Each storm is
considered to begin at the first decrease in Dst# (Dst# here denotes
the solar wind dynamic pressure-corrected Dst index) and is
considered completed when the Dst# has recovered 80% from its
lowest value. Our methodology, to be discussed below, closely
parallels that in Turner et al. (2006).

2.1. Input energy

Accurate measurement of the total energy available to the
magnetosphere from the solar wind at any given time is not
possible. However, parameters exist that can help estimate this
quantity. For this study, we use the epsilon parameter and the new
Borovsky parameter, as described below. It is important to point
out that, as useful as these parameters are, they only provide
estimates of the energy available. Epsilon in particular is based on
empirical data from some decades ago (Perreault and Akasofu,
1978), and therefore was calibrated to match what are now known
to be underestimates of the magnetospheric energy output. For a
more contemporary analysis of epsilon, see work by Koskinen and
Tanskanen (2002). Therefore we take epsilon to be an estimate
that allows some knowledge of when more energy is available and
scales well with the energy output but does not necessarily
capture the correct magnitude of energy input.

For each storm, we calculated the epsilon parameter (Perreault
and Akasofu, 1978) to estimate the electromagnetic input power.

Epsilon is defined (in SI units) as

! ¼
4p
m0

vB2sin4 y
2

! "
l20 (2)

where y is the solar wind clock angle, y ¼ tan!1ðjBY j=BZÞ, and l0 is
a characteristic length scale of the magnetosphere, typically, as in
this study, assumed to be 7RE, and m0 is the permeability of free
space. BY and BZ are the Y and Z components of the interplanetary
magnetic field, respectively. RE refers to a distance of one Earth
radius. It should be noted that the epsilon parameter was derived
empirically at a time with very little information about true
energy deposition in the magnetosphere–ionosphere system.
Therefore, while the form of epsilon can give a lot of information
as to the relative amounts of energy being available to the
magnetosphere, the absolute number is usually a significant
underestimate, as will be demonstrated.

ARTICLE IN PRESS

Table 1
Energy for entire storm (medians).

CIR ð1016 JÞ CME ð1016 JÞ P (u-test)

Input 6.38 8.07 0.02219
Ring current 0.416 0.539 0.02628
Joule heating 3.11 3.49 0.22689
Auroral precipitation 1.01 0.850 0.06468
Total output energy 4.45 5.10 0.39775
Efficiency 73.0% 62.7% 0.000744

N.E. Turner et al. / Journal of Atmospheric and Solar-Terrestrial Physics 71 (2009) 1023–10311024

Perrault	and	Akasofu,	1978	

Solar	wind	power	(related	to	auroral	
strength)	vs	Cme	



New	global,	real-@me	data	sources	
from	ci@zen	scien@sts	and	tweets.		

•  Hybrid	approach,	
twiGer	not	required.	
Loca@on	required,	
privacy	protected.	

•  Sign	up	to	get	a	free,	
custom	aurora	alert	for	
your	loca@on.	

Simple	form,	@me,	date,	
loca@on,	ac@vity,	color,	photo		

CS:	Observa@on,	Geoloca@on,	Iden@fica@on,	Photography	



Inputs:	Verifying	tweets,	a	crowd-
sourcing	data	verifica@on	ac@vity	

CS:	Classifica@on	

•  Registered	and	anonymous	users	
verify	geotagged	tweets	by	
reading	the	tweet	and	vo@ng	
“yes”	or	“no”	if	they	think	it	is	a	
real-@me	sigh@ng	at	correct	
loca@on	
–  Geotags	are	either	embedded	or	
extracted	via	CLAVIN	

– Minimal	training	of	users	
•  Verified	tweets	used	in	alerts	in	
conjunc@on	with	other	
observa@ons	



2015	

2016	
2015 Data

Total reports collected (raw): 1740

Positive sightings (raw): 1056
(Removed duplicates: 1022)
Filter 1 and Filter 1 reduced 1022 and 909, respectively

Negative sightings (raw): 684
(Removed duplicates, filter to “clear sky” only: 325)
Filter 1 and Filter 2 reduced 325 and 316, respectively

Positive verified Tweets (raw): 3301
(After manual validation, real-time reports: 664)
Filter 1 and Filter 2 did not affect tweet number
 

2016 Data

Total reports collected (raw): 2435

Positive sightings (raw): 1300
(Removed duplicates: 1289)
Filter 1 and Filter 1 reduced 1288 and 1186, respectively

Negative sightings (raw): 1135
(Removed duplicates, filter to “clear sky” only: 433)
Filter 1 and Filter 2 applied: 433 and 424, respectively

Positive verified Tweets (raw): 2198
(After manual validation, real-time reports: 680)
Filter 1 and Filter 2 did not affect tweet number
 

2015 Data

Total reports collected (raw): 1740

Positive sightings (raw): 1056
(Removed duplicates: 1022)
Filter 1 and Filter 1 reduced 1022 and 909, respectively

Negative sightings (raw): 684
(Removed duplicates, filter to “clear sky” only: 325)
Filter 1 and Filter 2 reduced 325 and 316, respectively

Positive verified Tweets (raw): 3301
(After manual validation, real-time reports: 664)
Filter 1 and Filter 2 did not affect tweet number
 

2016 Data

Total reports collected (raw): 2435

Positive sightings (raw): 1300
(Removed duplicates: 1289)
Filter 1 and Filter 1 reduced 1288 and 1186, respectively

Negative sightings (raw): 1135
(Removed duplicates, filter to “clear sky” only: 433)
Filter 1 and Filter 2 applied: 433 and 424, respectively

Positive verified Tweets (raw): 2198
(After manual validation, real-time reports: 680)
Filter 1 and Filter 2 did not affect tweet number
 



Partner	and	
collaborate	
with	us!		

	

	
aurorasaurus.info@gmail.com,		

z.com/aurorasaurus.org	

	
	



NASA will launch two rockets at the same time to different apogees

High	Flyer		
200	miles	high	

Low	Flyer		
100	miles	high	

Magnetic	Field	

Poker	Flat,	Alaska

Rocket payloads carry instruments to measure:

Electric fields, energetic particles, atmosphere “winds”

Rockets are ideal 
scientific platforms to 

study the aurora!



What	experiments	do	we	fly?	
•  Charged	Par@cle	Detectors	
– Electrons,	ions	(H+,	O+)		
– Electronics	bend	(select)	par@cles	of	a	certain	energy	
and	charge	into	the	detector	

–  Incoming	par@cles	must	be	amplified	
•  1	e-	does	not	create	enough	charge	to	be	“sensed”	
	 	 	 	 						 	Must	use	“night-vision”	

	 	 	 							 	sensors	to	get	106	 	
	 	 	 							 	par@cles	out	per	 	
	 	 	 	 	incoming	one	--->	 	
	 	 	 	 	enough	charge	to	make	a	
	 	 	 	 	detectable	current	



n  Rocket moves through 
arcs, 1 pt measurement of 
1 specific unique event 

n  Can’t separate spatial 
boundary from change in 
time 
n  Rain analogy 
n  Unless you                     

have multiple            
payloads  



Now	from	satellites…		
sta3s3cs	but	s3ll	space-3me	limited	





Three	Regions	of	Auroral	
Accelera@on	

Illustration of three regions of auroral acceleration:  downward current regions, 
upward current regions, and the region near the polar cap boundary of Alfvénic 
acceleration (from Auroral Plasma Physics, International Space Science 
Institute, Kluwer, 2003, adapted from Carlson et al., 1998) 



Have	a	great	summer	&	ask	ques@ons!	

Hiking	map:	bit.ly/LizHiking	Good	Goddard	area	restaurants:	bit.ly/LizRestaurants	



The	End	

•  Wanna	help	with	this:	Make	your	own	
aurora.	DIY,	and/or	high	tech	version,	
hGp://blog.aurorasaurus.org/?p=267	

•  Upcoming	launch,	Sun	@	9	pm!	Talk	to	
Carina.	Watch	@tweetaurora	
@nasa_wallops	for	details.	You	can	
see	aurora	from	here	and	par@cipate	
with	Aurorasaurus.	





Who	am	I?	



What	I	do?	




